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[57] ABSTRACT 
Apparatus to prevent the deposition of dirt and ?ne air 
bubbles on the flat end of a piezo-electrical crystal 
transducer that emits and receives ultrasonic waves 
consists of a body having an internal passage that angu 
larly directs water in sweeping relation to the ?at end of 
the crystal to keep it cleansed of air bubbles, dirt or 
scum. A portion of the so-directed water is diverted 
angularly to and away from the crystal end to thereby 
produce a pressure at the transducer end of sufficient 
magnitude to suppress the generation of air bubbles. 
Part of the entering water enters a vertical water col 
umn that couples the transducer to the object being 
measured while the cleansing portion of the stream is 
re-directed back into the apparatus to join that in the 
vertical column to create a water jet of essentially uni 
form velocity distribution. 

5 Claims, 2 Drawing Figures 
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CROSS-FLOW ULTRASONIC TRANSDUCER 
HEAD 

DESCRIPTION OF THE INVENTION 
BACKGROUND 

The present invention relates to apparatus for use in 
ultrasonic testing and, in particular, to an apparatus for 
providing a ?uid coupling between a piezo-electric 
crystal transducer element and a test body. 

In the inspection of a test body by ultrasonic tech 
niques, ultrasonic waves are generated by the trans 
ducer, directed at the test body and re?ected therefrom 
back to the transducer so that the time differential be 
tween pulses may be used to ascertain various features 
of the test body. As can be readily appreciated, it is 
essential for the ultrasonic energy to be ef?ciently cou 
pled between the transducer and the test body. One 
fairly effective but problem-ridden method of providing 
a coupling comprises interposing a water column be 
tween and in intimate contact with both the transmit 
ting-receiving face of the transducer and the surface of 
the test body. In the past, the means for performing an 
ultrasonic type of inspection generally included a hous 
ing for forming a column of a coupling ?uid to ?ow 
between the transducer and the workpiece. 
A primary area of concern with such a coupling 

means is that foreign matter becomes accumulated on 
the operative end of the transducer. In particular, with 
time in service dirt, e.g., mud, scum and solids, and ?ne 
air bubbles become deposited on the ?at surface of a 
transducer during the use of such a system. The material 
deposited on the surface of the transducer causes a 
deterioration of the signal which subsequently causes 
such signal to be lost in the electrical circuit noise 
caused by the deposits. 

Accordingly, it is an object of this invention to pro~ 
vide an ultrasonic testing apparatus which obviates the 
disadvantageous phenomena reported above and yet 
enables effective ?uid coupling between the transducer 
and the test body. 

It is a further object to provide such a device in 
which there is an elimination of dirt and air bubbles 
from the surface of the transducer which permits an 
accurate testing and inspection of the test body. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided apparatus for generating a fluid coupling be 
tween an ultrasonic transducer and a test body which 
eliminates foreign materials from the surface of such 
transducer. The ?uid coupling unit provided herein 
includes a housing mounting the ultrasonic transducer 
at an end thereof remote from a body under test. A 
substantially straight axial longitudinal ?ow passage is 
included in the housing having a discharge path di 
rected toward the test body. A first transverse passage 
way is included in said housing to angularly direct most 
of the coupling liquid in sweeping relation to the opera 
tive end of the transducer and the remainder of the 
coupling ?uid along the axial longitudinal ?ow passage. 
Such ?rst transverse passageway terminates adjacent to 
the transducer and to the longitudinal ?ow path. A 
second transverse passageway is included in the hous 
ing radially opposite from the ?rst transverse passage 
way and also terminates adjacent the transducer. The 
?rst and second passageways are con?gured to cause 
the coupling ?uid to impinge and be angularly diverted 
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away from the operative end of the transducer to pro 
duce an increase in pressure at such operative end of 
suf?cient magnitude to suppress the generation of bub 
bles on the transducer surface and to remove any for 
eign matter therefrom. In addition, a toroidal chamber 
is provided in the housing surrounding the longitudinal 
flow passage between the end of said housing adjacent 
the body under test and the transducer. The toroidal 
chamber is provided with an inlet on one side of the 
housing and an inwardly radially directed outlet. Fur 
ther, a converging cavity is provided in the housing 
which is disposed about the longitudinal passageway 
and is operative to tangentially receive ?ow from the 
outlet of the toroidal chamber and to join such ?ow 
with that from the longitudinal passageway. Finally, a 
conduit is provided to direct coupling ?uid between the 
second transverse passageway and the inlet of the toroi 
dal chamber. 

In operation, coupling ?uid is introduced into the ?rst 
passageway and a portion of it enters the axial longitudi 
nal ?ow passage; however, a predominant portion of 
the ?ow from the ?rst passageway angularly sweeps 
across the transducer surface thereby removing foreign 
matter and suppressing bubbles and enters the second 
passageway. From this point, the coupling ?uid from 
the second passageway is directed into the toroidal 
chamber. At this point, ?uid exiting from the toroidal 
chamber enters the converging passageway and is com 
bined tangentially with ?ow from the longitudinal pas 
sageway. The ?ow then exits the housing and is di 
rected onto the test piece. 
The subject invention is directed toward an improved 

means for providing a ?uid coupling between an ultra 
sonic transducer and a test body which eliminates the 
inclusion of foreign particles and air bubbles on the 
transducer surface thereby overcoming, among others, 
the above-discussed problems and provides an appara 
tus which is effective in ultrasonic inspection. 
These and other details, objects and advantages of the 

invention will become apparent as the following de 
scription of the present preferred embodiment thereof 
proceeds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, we have shown a 
present preferred embodiment of the invention wherein: 
FIG. 1 is a front elevation cutaway view of a ?uid 

coupling apparatus according to the present invention 
taken along line 1--1'of FIG. 2; and, 
FIG. 2 is a plan view showing hidden lines of the 

?uid coupling apparatus provided herein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings wherein the showings 
are for purposes of illustrating the present preferred 
embodiment of the invention only and not for purposes 
of limiting same, the ?gures show an apparatus 10 for 
providing a ?uid coupling between an ultrasonic piezo 
electric transducer 12 and a test body 14. 
More particularly and with reference to FIG. 1, there 

is shown an operative end 16 of the transducer 12. The 
coupling apparatus housing preferably includes a lower 
18 and upper 20 sections. Lower coupling body 18 and 
upper body 20 are preferably constructed of a non-mag 
netic material such as plastic. The provision of such a 
material would assist in the reduction of unwanted elec 
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trical noise in the circuitry. A ?ange 19 may be pro 
vided to be af?xed to lower surface of lower body por 
tion 18 to attach apparatus 10 to a ?xed mounting point. 
In addition, a gasket 21 may be provided between upper 
body member 20 and lower body 18. Lower body 18 is 
provided with axial bore 22 adapted to longitudinally 
receive the transducer 12. Slot 24 is provided in the 
lower surfaces of part 18 so as to provide access for 
electrical wires to transducer 12. End cap 26 is provided 
on the lowermost end of lower body 18 to withhold 
transducer element 12 within body 18. 
The liquid coupling medium 27, which may consist of 

water or other suitable coupling ?uid, is introduced 
from a pressurized source, not shown, into lower body 
member 18 by means of inlet ?tting 28. Fitting 28 may 
be adapted to be threaded into lower body member 18 
or may be formed as an integral part thereof. Inlet ?t 
ting 28 communicates with the ?rst transverse passage 
way 30 which consists of a bore in lower member 18. 
Passageway 30 is con?gured as a bore within lower 
body 18 which is radially and angularly disposed with 
respect to transducer surface 16 in order to cause a 
sweeping ?ow across said surface 16 and increase the 
pressure on such surface 16. From ?rst passageway 30, 
a portion of the coupling fluid 27 enters the axial longi 
tudinal passage 32 while the remaining coupling ?uid 27 
which sweeps across surface 16 enters the second angu 
larly disposed, radial, tranverse passageway 34. The 
axial longitudinal bore 32 is provided to generate a low 
pressure ?uid column between transducer surface 16 
and test body 14 and, hence, causes the coupling ?uid to 
be directed between the transducer surface 16 and the 
test body 14 to effectively transmit the ultrasonic im 
pulses. The second transverse passageway 34 as de 
scribed above is provided to accept the flow of the 
coupling ?uid 27 from passageway 30 and angularly 
direct the coupling ?uid 27 away from the transducer 
surface. Preferably, passageways 30 and 34 are disposed 
at an angle of less than forty-?ve degrees (45°) and more 
preferably approximately of thirty degrees (30°), re 
spectively, with respect to transducer surface 16. While 
the angle of thirty degrees (30") is preferable, we have 
found that the utilization of angles less than or in excess 
of forty-?ve degrees (45°) provides suitable results. In 
addition, it is preferable that passageways 30 and 34 be 
disposed at approximately equal angles with respect to 
the transducer surface 16. Coupling ?uid entering sec 
ond transverse passageway 34 is caused to exit lower 
body member 18 via ?tting 36 which may be formed as 
an integral part of lower body member 18. 
Also provided in the upper portion of lower body 

member 18 is toroidal chamber 38 which is created by 
the cavity formed between lower body member 18 and 
upper body member 20 and surrounds axial longitudinal 
passageway 32. Toroidal chamber 38 is provided with 
an inlet ?tting 40 which receives ?ow from second 
passageway 34 by means of conduit .42. Coupling ?uid 
27 which enters toroidal chamber 38 exits that area by 
means of radially inwardly directed, curved ?ow pas 
sage 44 formed between the lower regions of upper 
body 20 and lower body member 18. Flow through 
radially inwardly directed passage 44 enters converging 
area 46 which tangentially joins the ?uid ?ows from 
longitudinal passageway 32 and from the toroidal cham 
ber 38 via passage 44, hence, rejoining all of the liquid 
27 which originally entered via ?rst passageway 30. 
The coupling ?uid 27 is then directed out of the appara 
tus 10 and against the surface of the test body 14 via exit 
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4 
bore 48 which is also the termination of bore 32. In 
order to restrainably join lower body member,18 and 
upper body member 20, screws 50 are provided to be 
threaded through upper member 20 and into lower 
body portion 18. 

In operation, as is apparent from the above presented 
description of the invention, liquid coupling medium 27 
enters the apparatus 10 via fitting 28 and is caused to 
?ow into ?rst passageway 30. At this point, some of the 
liquid coupling medium 27 is directed along axial longi 
tudinal bore 32 while most of the liquid coupling ?uid 
27 is angularly directed across the transducer surface 16 
in sweeping relation thereto so as to increase the pres 
sure on surface 16 and suppress air bubble formation 
and to remove other foreign-particles which may have 
become entrained on transducer surface 16. Such liquid 
27 which sweeps across transducer surface 16 is angu 
larly diverted into second transverse passageway 34 and 
exits the lower body member 18 by means of ?tting 36. 
The portion of the coupling ?uid 27 so removed is 
caused to reenter the lower body member 18 via con 
duit 42 which communicates by means of ?tting 40 with 
toroidal chamber 38. At this point, the liquid coupling 
medium 27 is directed about chamber 38 and into con 
verging area 46 by means of radially converging chan 
nel 44. While in chamber 46, the ?ows from the longitu 
dinal passageway 32 and second transverse passageway 
34 are joined tangentially and caused to exit upper body 
member 20 via exit bore 48. Coupling ?uid 27 ?ow from 
bore 48 is directed onto the surface of the test body 14 
forming a uniform ?uid column between the transducer 
surface 16 and the test body 14. 

Accordingly, the present invention provides a means 
to remove foreign materials from the surface of piezo 
electric crystal transducer 16 provides a soft ?uid cou 
pling along longitudinal bore 32 and removes foreign 
objects from the transducer surface 16 by the angular 
diversion of the coupling liquid 27 from passage 30 to 
passageway 34. 

It will be understood that various changes in the 
details, materials and arrangements of parts which have 
been hereindescribed and illustrated in order to explain 
the nature of the invention may be made by those skilled 
in the art within the principle and scope of the invention 
as expressed in the appended claims. 
What is claimed is: 
1. In ultrasonic testing equipment, apparatus for 

forming and ?owing a uniform stream of coupling liq 
uid between a piezo-electric crystal transducer and a 
test body, said apparatus comprising: 
(a) a housing mounting said transducer at an end thereof 

remote from said test body and providing a substan 
tially straight axial longitudinal ?ow passage from 
said transducer and having a discharge path directed 
toward said body; 

(b) a ?rst transverse passageway in said housing radially 
intersecting said axial longitudinal passageway adja 
cent said transducer, said ?rst passageway being con 
?gured to angularly direct said liquid in sweeping 
relation to the operative end of said transducer; 

(0) a second transverse passageway in said housing 
radially opposite from said ?rst transverse passage 
way and intersecting said ?rst passageway adjacent 
the operative end of said transducer, said second 
passageway being con?gured to divert said ?uid an 
gularly away from the operative end of said trans 
ducer to produce an area of increased pressure at said 
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operative end of said transducer so as to suppress the 
generation of bubbles on said surface; 

(d) a toroidal chamber in said housing surrounding said 
axial longitudinal ?ow passage between the end of 
said housing adjacent said test body and said trans 
ducer, said toroidal chamber having an inlet on one 
side of said body and an inwardly directed radial 
outlet; 

(e) a converging cavity in said housing disposed about 
said axial longitudinal passageway and operative to 
combine the ?ows from the outlet of said toroidal 
chamber and from said longitudinal passageway; and, 

(t) a conduit to direct said ?uid between said second 
transverse passageway and the inlet of said toroidal 
chamber. 
2. The apparatus of claim 1 in which the included 

angle between said ?rst transverse passageway and the 
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plane of the operative end of said transducer is greater 
than 0° but less than 45°. 

3. The apparatus of claim 2 in which the included 
angle between said ?rst transverse passageway and the 
plane of the operative end of said transducer is approxi 
mately 30°. 

4. Apparatus of claim 3 in which the included angles 
between the ?rst and second passageways and the plane 
of the operative end of said transducer are approxi 
mately equal. 

5. Apparatus of claim 4 in which the inwardly di 
rected radial outlet of said toroidal chamber is con?g 
ured so as to direct ?ow of said coupling fluid from said 
toroidal chamber into said converging cavity approxi 
mately parallel to said axial longitudinal passageway. 

* i * * * 


